Technological University Dublin

ARROW@TU Dublin
Conference Papers

Archaeoastronomy Research

2020-01-17

A Robust LPC Filtering Method for Time-Resolved Morphology of
EEG Activity Analysis
Jin Xu
Technological University Dublin, jin.xu@tudublin.ie

Mark Davis
Technological University Dublin

Ruairí de Fréin
Technological University Dublin, ruairi.defrein@tudublin.ie

Follow this and additional works at: https://arrow.tudublin.ie/archastrocon
Part of the Architectural History and Criticism Commons, Bioelectrical and Neuroengineering
Commons, Other Biomedical Engineering and Bioengineering Commons, and the Signal Processing
Commons

Recommended Citation
Xu, J., Davis, M. & de Fréin, R. (2020). A Robust LPC Filtering Method for Time-Resolved Morphology of
EEG Activity Analysis. 26th Annual Conference of the Section of Bioengineering of the Royal Academy of
Medicine in Ireland, 17th–8th January, 2020. doi:10.21427/z94d-mw11

This Conference Paper is brought to you for free and
open access by the Archaeoastronomy Research at
ARROW@TU Dublin. It has been accepted for inclusion in
Conference Papers by an authorized administrator of
ARROW@TU Dublin. For more information, please
contact arrow.admin@tudublin.ie,
aisling.coyne@tudublin.ie.
This work is licensed under a Creative Commons
Attribution-Noncommercial-Share Alike 4.0 License
Funder: Science Foundation Ireland

Early Stage Researcher (PhD Year 1)

✕

Post-Doctoral Researcher/Senior Researcher/PI

Entry for the Engineers Ireland Biomedical Research Medal
completed PhD and would like to review BinI abstract submissions
Please place an X in any appropriate categories

Corresponding author has

A ROBUST LPC FILTERING METHOD FOR TIME-RESOLVED MORPHOLOGY OF EEG ACTIVITY
ANALYSIS
Xu, Jin1, Davis, Mark1, de Fréin, Ruairí.1
1 Technological University Dublin
email: (D17128410@mytudublin.ie)
INTRODUCTION

RESULTS

This paper introduces a new time-resolved spectral
analysis method based on Linear Prediction Coding
(LPC) method that is particularly suited to the study of
the dynamics of EEG (Electroencephalogram) activity.
The spectral dynamic of EEG signals can be challenging
to analyse as they contain multiple frequency
components and are often heavily corrupted by noise.
Furthermore, the temporal and spectral resolution that
can be achieved is limited by the Heisenberg-Gabor
uncertainty principle [1]. The method described here is
based on a z-plane analysis of the poles of the LPC
which allows us to identify and estimate the frequency
of the dominant spectral peaks. We demonstrate how
this method can be used to track the temporal variations
of the various frequency components in a noisy EEG
signal.

The EEG signal used in our experiment comes from the
public dataset BCI2000 [2]. The parameters of the
experiments are: the sampling frequency fs = 160Hz ,
the order of LPC p = 20 , the time interval
∆ t = 0.5s, the search range ∆ f = 2Hz, the signal
is separated into 6 EEG bands (δ, θ, α, μ, β, γ), Figure
1 compare the spectral response between the original
LPC method and our new method.

METHODS
The LPC method provides a method for estimating the
coefficients {ai}, (i = 1,2, …, p ), where p is the
order of LPC, that characterize the frequency response
H(z) of the corresponding LPC filter. Most researchers
to date have used the roots (i.e. the poles) of H(z) to
directly estimate the dominant spectral features (i.e. the
formants) of the response. However, here we propose an
algorithm that further processes these poles to produce a
more accurate and more robust estimate of the formants.
The new pole processing algorithm is as follows:
1. Obtain the set of poles of LPC filter H(z) , i.e.
2.

z = {z1, z2, ⋯, zp} .

Partition the poles into different frequency bands.
As each pole zi is complex, we can write of
γi e j2π fi , ( i = 1,2…, p), then we can get the
magnitude of poles

3.

4.

5.

zi and the corresponding

pole frequency fi.
Organise the poles of each frequency band into the
dominant pole and local non-dominant poles. The
LPC pole with the largest magnitude
a rg m a x ( zi ) is classified as the dominant

pole, other poles are the non-dominant poles.
Calculate the spectrum response for each of the
dominant poles zi . The dominant pole and local
poles where in a frequency range ∆ f around the
dominant pole, are used to form a new filter
~
transfer function Hi (z ).
Using a minimisation technique to find the spectral
~
peak of Hi (z).

Figure 1 Comparing time-resolved spectral between the
standard method and the new method.

The standard LPC method directly generates many
formants as it does not distinguish between the
dominant and non-dominant poles. On the other hand,
our method allows us to extract the dominant frequency
component in each of the EEG bands.

DISCUSSION
The research work of this paper proposes a new robust
time-resolved method to extract the dominant frequency
components in the different EEG frequency bands. The
main advantages of this method are that it is robust and
capable of producing a time-resolved analysis of multifrequency signals. Furthermore, as it is a parametric
method, it can support further processing of the EEG
signal using machine learning techniques.
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